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Abstract 
Analyses of physical human behavioral data measured 
using wearable sensors have revealed that face-to-face 
interaction plays an important role on group 
performance. We have developed a web application 
that captures face-to-face interaction among employees 
as measured using wearable sensor badges and that 
provides persuasive feedback which encourages 
managers to try and change employee behaviors so as 
to improve business performance. Testing of this 
“Workscape Explorer” application in a call center 
environment revealed that it has a significant effect on 
improving employee performance. 
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Introduction 
Group dynamics has been quantitatively analyzed using 
a rich trove of human behavioral data reflected in sent 
e-mail logs, mobile phone location logs, social network 
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higher the count, the more active the TM’s bodily 
movements. Each TM’s activity level was judged to be 
in one of two states, active or non-active, every minute 
in accordance with the zero-crossing count. The 
threshold value for the count was set to 2 Hz on the 
basis of the results of a preliminary study, which 
showed that it was the level at which active motion 
such as conversation with gestures could be 
distinguished from quieter motion such as keyboard 
typing. Therefore, the activity level for a minute during 
which the zero-crossing count was greater than 2 Hz 
was judged to be in the active state, otherwise it was 
judged to be in the non-active state. 

We then defined the activity level of the entire call 
center as; 

)1(                 ,LevelActivity  Group





i

i
All

i

i
Active

M

M
 

where M i
All is the total number of minutes TMi was in a 

defined period (e.g. total minutes he or she was at 
desk working, or away from desk resting during a day) 
and M i

Active is the total number of minutes TMi was 
judged to be in the active state during that period. 
Hereafter, we call the value calculated in eq. (1) the 
“group activity level,” or GAL for short. The GAL took a 
value of 0 to 1, where a higher value means that the 
call center was more active.  

Their face-to-face interactions were captured using the 
IrDA transceivers in the badges. We interpret that two 
people interacted with each other if there was a face-
to-face event between them exceeding a predefined 
threshold. We defined the threshold as 3 minutes per 
day, and counted the number of people with whom 

each TMi interacted as degree, ki. The larger the ki, the 
more actively he or she interacted with others.  

As a measure which represents call center performance 
we used “the number of orders received per hour,” which 
is the number of products a TM sold per hour. 

Results 
We found that daily call center performance (i.e., the 
average performance of the TMs working each day) 
correlated significantly with the daily GAL while resting. 
Whether they were at their desks was determined from 
the data collected by the IR beacons on their desks. 
That is, if there was no face-to-face event between a 
sensor badge and an IR beacon at the desk, the TM 
wearing that badge was not at the desk working but on 
a break, resting. As shown in Table 2, this correlation 
was observed in all experiments. In contrast, the daily 
GAL while working was not correlated with the daily call 
center performance for the experiments (except for one 
of the two products in Exp. 4).  

We examined the causality: does GAL affect 
performance or does performance affect GAL? Our trial 
letting TMs take breaks at the same time changed their 
ways of communication during breaks. We observed 
significant increase in their average degree, GAL, and 
performance. This indicates that face-to-face 
interaction during breaks affects GAL, which in turn 
affects the performance.  

Workscape Explorer 
We then developed a web application for managers and 
SVs named “Workscape Explorer” (WSE) that provides 
feedback on face-to-face interaction, GAL, and 
performance. Both the behavioral data and daily 

Exp. C.C. 
GAL 

Working Resting 

1 A −0.11 0.38** 

2 B 0.28 0.37** 

3 B 
0.25 0.53*** 

0.25 0.72*** 

4 C 
0.45** 0.41* 

0.05 0.38** 
*p < 0.1, **p < 0.05, ***p < 0.01 

Table 2. Correlation coefficients 
between daily GAL and daily call 
center performance. In Exps. 1 and 2, 
they marketed an Internet TV service. 
In Exps. 3 and 4, they marketed two 
different types of Internet services. 
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business performance data of each TM are transferred 
to the server overnight and analyzed automatically by a 
Java Servlet 3.0 application on the server. It calculates 
the daily GAL while resting, the daily face-to-face 
interaction indices ki, and the daily average 
performance of the call center.  

A screenshot of the main WSE page is shown in Fig. 2. 
WSE runs on the Google Chrome browser. Daily 
business performance and GAL are represented in the 
graph labeled (A). Data for two weeks are plotted. A 
manager can quickly grasp the trends in business 
performance and GAL by viewing the graph. 

 

Figure 2. Screenshot of main WSE page. 
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Evaluation 
WSE was launched for Call Center B on 27 May 2013. 
This call center had 110 TMs (81 female, 29 male) and 
28 SVs at the time. Immediately after introducing WSE, 
the call center manager started using it to design a trial 
for improving the GAL of his teams. He then announced 
the trial by posting a comment in field (F): 

“We have started using a new business system using 
wearable sensors. A trial to improve GAL so as to 
improve performance will start on 3 June.” 

The following week (27 May to 2 June), he selected 12 
TMs (targets) who had lower performance and less 
face-to-face interaction by using the “Communication 
Support Targets” list (E) and the face-to-face network 
diagram (H). He also selected 7 TMs (supporters) who 
had higher performance and more interaction in the 
same way. In the trial, the 7 supporters were asked to 
actively communicate with the 12 targets during their 
breaks, particularly in the break room.  

As shown in Fig. 4, we found that performance of Call 
Center B increased significantly after the trial started, 
from 0.49 in May to 0.63 in June on average (p < 
0.0001). To identify other factors that might have 
caused the increase in performance in June, we 
compared the performance with that of another call 
center located in a different town (Call Center D) that 
sold the same product. Their average performance in 
May was 0.62, and that in June was 0.59, and there 
was no statistically significant difference between them 
(p > 0.34). This indicates that the increase in 
performance in Call Center B was not caused by a 
seasonal factor. Call Center B conducted the same trial 
in July with other 11 targets. The performance in July 

continued to increase, reaching 0.66 on average, which 
was significantly higher than the performance of Call 
Center D in July (0.60, p < 0.05).  

Discussion and Conclusion 
The results of our experiments demonstrated that 
business performance can be improved by using WSE, 
which consists of wearable sensor badges employees 
wear, IR beacons distributed in the environment, a 
server-side application for data analysis, and client 
applications for visualization and feedback of group 
dynamics. Regarding the functions implemented in WSE, 
the managers and SVs were quite positive about using 
them. We received many positive comments in 
particular for the face-to-face network diagram 
visualization function, which was useful for designing 
trials for improving workplace communication. Future 
work includes introducing WSE to several call centers 
and enhancing its functionality to make it useful for 
multiple call center operation. 
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Figure 4. Effect of introducing 
WSE.  
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